The air cargo volume throughout the world has grown at between 1.5 and 2 times the rate of worldwide GDP growth. Average annual growth in freight-tone kilometers on international scheduled services during the last decade is 7.9 percent. Future air cargo growth is expected to be robust. According to Boeing World air Cargo Forecast 2000-2001, world airborne cargo will grow by 6.4 percent per year for the next twenty years." (Zhang, 2003) . The significant growth in air cargo has boosted both international trade and regional economic growth and diversification.
INTRODUCTION
ccording to Air Transport World, the international freight-ton kilometers posted a 5.3 percent increase in 2003, improved from a 5 percent increase in 2002 over 2001. The role of air cargo to trade growth has shown a substantial increase in the last decade as a result of intense globalization. "The air cargo volume throughout the world has grown at between 1.5 and 2 times the rate of worldwide GDP growth. Average annual growth in freight-tone kilometers on international scheduled services during the last decade is 7.9 percent. Future air cargo growth is expected to be robust. According to Boeing World air Cargo Forecast 2000-2001, world airborne cargo will grow by 6.4 percent per year for the next twenty years." (Zhang, 2003) . The significant growth in air cargo has boosted both international trade and regional economic growth and diversification.
Research in economics of air cargo has focused mainly on logistical issues in developing infrastructure for domestic and international air-cargo hub, policy issues in air cargo liberalization and investigation of non-linear patterns in air cargo for forecasting purposes. Zhang (2003) provides an analysis of the benefits from developing of an international airfreight hub and examines its application to Hong Kong to become a major air cargo hub in the highly competitive air cargo industry in China and East Asia. Zhang, Van Hui and Leung (2004) develop an oligopoly model to examine the effect of an air cargo alliance on competition in passenger markets. They show that an air cargo alliance between passenger airlines will likely increase the airlines' own output, while simultaneously decreasing their rivals' power in both passenger and air cargo markets. Additionally, Zhang and Zhang (2002) develop a multi-market oligopoly model to examine the effect of air cargo liberalization on competition between all-cargo carriers and mixed passenger/cargo (combi) carriers. Adrangi, Chatrath and Raffiee (2001) applied the chaos theory to investigate the presence of nonlinear structures in the U.S. airfreight and airmail. They find nonlinearities in both series evidenced by a generalized autoregressive conditional heteroscedastic (GARCH) model that performs superior to those of autoregressive models. In an attempt to better understand the current of future needs of the business community of Northern Nevada related to air cargo, Phase I of a study was developed by the Bureau of Business and Economic Research of the College of Business Administration of the University of Nevada, Reno in cooperation with Reno-Tahoe International Airport in January 2002 (Ryan, Raffiee and Bartholet, June 2002). The study consisted of developing an air cargo interview instrument that was used to conduct in-depth interviews of a select group of major companies, representing a variety of industries, to determine they key characteristics of their air cargo needs some of the current and future needs of the business community related to air cargo. The interview instrument was developed through an interactive process between the Bureau of Business and Economic Research and Reno-Tahoe International Airport. After several iterations, the instrument was pre-tested, and then additional modifications were made. 
METHODOLOGY
This investigation employs a number of complementary statistical tools. The initial investigation starts with estimating several exploratory regression models. The objective of these regression models is to provide evidence on the lead-lag relationship between employment and cargo variables in the sample of the study. To this end, the dynamic lead-lag relationship between employment and total cargo is examined by estimating Equation (1). Equations (2) through (4) examine whether expected or unexpected components of cargo shipments at RenoTahoe International Airport are determinant by employment changes in Reno MSA. For example, Equation (2) breaks 31 cargo shipments into its two components while Equation (4) expresses employment as a function of expected cargo shipments. (4) In Equations (2) through (4) UXCG and XCG are unexpected and expected components of cargo shipment. Other variations of the above regressions may be estimated to complete the preliminary analysis.
To derive the expected and unexpected components of cargo shipments we employ two commonly used statistical approaches. The first method involves the use of Hodrick-Prescott (HP) filter, suggested by Hodrick and Prescott (1980) . This filter decomposes a series, x, into its trend and unexpected deviations from the trend. The second method requires finding the appropriate ARIMA models. The objective is to use the white noise residuals of the ARIMA model and treat them as the unexpected component of the series under question. The objective of this step is to verify the robustness of the statistical results derived from the HP Filter.
Only the results of HP will be reported in the interest of brevity. However, the results from ARIMA models are qualitatively identical to those obtained using HP filter. The HP filter requires minimizing
The technique allows for a stochastic trend component while deriving the temporary or unexpected component. 1 Under the assumption that RTIA authorities form rational expectations regarding cargo shipments trend, the off-trend or temporary portion of the series may be considered the unexpected volume of shipment. The objective is to determine which component of cargo shipments are sector employment have been correlated in the past.
For instance, if the expected component of cargo shipments is correlated with sector employment, then we may conclude that there is a long-run effect on sector employment as employment rises in anticipation of future increase in economic activity. However, if the employment series in various sectors are correlated with the unexpected component of cargo shipments, the findings may suggest that there are temporary rises in employment which respond to temporary and unexpected changes in the cargo volume. Therefore, this type of employment rise may be temporary and not persistent over a meaningful period of time.
The second econometric tool used in this paper is the vector autoregressive technique (VAR). A VAR consists of a system of dynamic simultaneous Equations. In each Equation, an endogenous variable is a function of exogenous as well as the lagged values of all endogenous variables. Thus, a VAR allows for the simultaneous and dynamic interaction of all endogenous variables. More importantly, a VAR provides an unrestricted approximation to the reduced form of an unknown structural system of simultaneous Equations. Though the underlying structure is not specified, it is assumed to exist. Zellner and Palm (1974) , Zellner (1979) , and Palm (1983) show that any linear structural model can be written in the form of a vector autoregressive moving average multivariate time series model (VARMA) whose coefficients are combinations of the structural coefficients. These researchers show that under mild regularity conditions a VARMA model can be written as a VAR model. Therefore, a VAR model serves as a flexible approximation to the reduced form of any wide variety of simultaneous structural models. To paraphrase, the reduced forms of traditional simultaneous models are special cases of VAR models.
The consensus among researchers is that VAR models are dynamic and capture the simultaneous interactions among all variables. They are suitable to describe the economic data-generation process. VAR models are typically smaller than structural models and therefore require less data. In addition they do not use economic theory in their specification. The procedure used in this paper is as follows. We use VAR models in conjunction with the Akaike's Information Criterion (AIC) and Schwarz Information Criterion (SIC) to determine the dimensionality of Equations of the system. A VAR model serves as a flexible approximation to the reduced form of any wide variety of simultaneous structural models. This system of Equations can be written in compact matrix notation as follows:
are n-th order scalar polynomials in the lag operator L, where A final consideration in using the VAR model is the choice of the order of the process, p. Without a formal method, the selection of lag order in a VAR model will be arbitrary and could lead to specification error (See Fair and Schiller (1990) , and Funke (1990) ). Several criteria, similar to those used in the distributed lag models, are suggested to determine the model dimension (see Judge, et al. (1985) and Lutkepohl (1985) ). In this paper, the minimum Akaike (1974) Information Criteria (AIC) determines the optimum lag length (see Judge, et al. (1988) ). It can be shown that the GLS estimators of the coefficients are identical to the OLS estimators under the above assumption regarding the residuals.
VAR models are routinely used to perform impulse response analysis, which allow us to measure the various period impact of the 
To produce reliable VAR estimates and impulse response analysis, variables of the model are required to be stationary, i.e., not have unit roots.
Unit Root Tests
The ADF (Dickey and Fuller (1979) ) and PP (Phillips and Perron (1988) ) tests of unit roots are used in the present study. The ADF entails estimating
 + u t and testing the null hypothesis that  = 0 versus the alternative of <0, for any x. The lag length j in the ADF test regressions are determined by the Akaike Information Criterion (AIC). The PP test estimates  x t =  +  x t 1 + u t and tests the null hypothesis that  = 0 versus the alternative of <0. Three variations of the ADF and PP regressions are estimated: with intercept, trend and intercept, and neither trend nor intercept. The purpose of this approach is to insure that the test results are robust in the presence of drifts and trends. The PP test may be more appropriate if autocorrelation in the series under investigation is suspected. The statistics are transformed to remove the effects of autocorrelation from the asymptotic distribution of the test statistic. The formula for the transformed test statistic is given in Perron (1988) . The lag truncation of the Bartlett Kernel in the PP test is determined by Newey and West (1987) . In both the ADF and PP tests the MacKinnon (1990) critical values are used. Accepting the null hypothesis means that the series under consideration is not stationary and a unit root is present.
Cointegration Tests And Long-Run Equilibrium
We also test for the long-run equilibrium relationship among the variables employing Johansen and Juselius (1990) cointegration test. Cointegration refers to the possibility that non-stationary variables may have a linear combination that is stationary. Such a linear combination, the cointegrating vector, implies that there is a long-run equilibrium relationship among variables, i.e., variables will not wander off apart from one another over extended periods of time. Therefore, cointegration between the stock index, price levels, and interest rates implies a long-run relationship between these variables. The test of cointegration employed in this paper, Johansen (1988) and Johansen and Juselius (1990) methodology, is a multivariate generalization of the methodology suggested by Engle and Granger (1987) . A brief description of the test is as follows. Let
where x t and  t are (n * 1) vectors and  is an (n * n) matrix of parameters. The Johansen (1988) methodology requires estimating the system of Equations in (9) and examining the rank of matrix . If rank ()=0, then there is no stationary linear combination of the {x it } process, the variables are not cointegrated. Since the rank of a matrix is the number of non-zero eigenvalues (), the number of >0 represents the number of cointegrating vectors among the variables. The test for the non-zero eigenvalues is normally conducted using the following two test statistics:
where  î is the estimated eigenvalues, and T is the number of valid observations. Note that  trace statistic is simply the sum of  max statistic. In Equation (13),  trace tests the null hypothesis that the number of distinct cointegrating vectors is less than or equal to r against a general alternative.  max statistic tests the null hypothesis of r cointegrating vectors against r+1 cointegrating vectors. Johansen and Juselius (1990) and Osterwal-Lenum (1992) derive the critical values of  trace and  max by simulation method.
DATA
As was explained earlier, our hypothesis is that the demand for air cargo is a derived demand caused by regional economic conditions affected by diversification efforts. Local employment data is used as a proxy for economic activity. Before presenting the empirical results on the relationship between air cargo shipments at RenoTahoe International Airport and various components of employment series in Reno MSA, a detailed description of the data is in order.
Monthly local employment data for Reno MSA from January 1992 through September 2002 is used as a proxy for regional economic activity, provided by the Nevada Department of Employment Training and Rehabilitation (DETR). The employment series on four sectors of the local economy are used: manufacturing, wholesale trade, retail and finance, insurance and real estate (F.I.R.E). The Reno-Tahoe International Airport publishes monthly air cargo volumes. Similarly, the air cargo series data are from January 1992 through September 2002. The employment data for the three targeted industry sectors is presented in Table 1 .
As shown in Table 1 The annual freight volume through the RTIA and employment summary are presented in Table 2 , which also presents the annual rates of change for each series. As can be seen from the data in Table 2 , RTIA air cargo shipments made a healthy recovery in 2002 showing an increase of 5.8 percent over 2001. Also, the rates of change in the air cargo volumes and the rates of change in the total employment in the four targeted sectors seem to follow the same pattern, with the growth in air cargo lagging approximately one year behind the growth in employment. Slow downs in employment seem to be reflected more quickly by reductions in the rate of growth or even shrinkage in air cargo volumes.
To have an in depth analysis of air cargo in Northern Nevada, the monthly data of mail and freight are split into in terms of inbound and outbound air cargo shipments at RTIA. The data are shown in Table 3 
EMPIRICAL RESULTS
The variables under study are generally nonstationary in levels, while stationary when transformed to percentage changes by both the Augmented Dickey-Fuller (ADF) and the Phillips-Perron (PP) tests. These results are shown in Table 4 . To ensure the robustness of the tests, three versions of the ADF and PP regressions with intercept, with trend and intercept, and with neither the intercept nor the trend variable are estimated. The test results are consistent and insensitive to the type of specification. Thus, while cointegration tests maybe appropriate to investigate the long-run equilibrium relationship between variable levels, we estimate several regressions for percentage changes of employment and cargo shipments. Table 5 reports regression findings for percentage change in employment in four sectors of the regional economy (PFEP: percentage change in employment of finance, insurance and real estate; PMEP: percentage change of employment in manufacturing; PREP: percentage change in employment of retail; and PWEP: percentage change in employment of wholesale) and cargo shipment percentage changes. Up to eight leading and lagging cargo variables are included in the regression Equations as determined by the Akaike Information Criterion (AIC). Equation (1) allows a preliminary analysis of the dynamic relationship between air cargo shipments and employment changes in Reno MSA.
Employment in retail, wholesale, and manufacturing appear to lead cargo shipments. This is evidenced by significant coefficients of several lead cargo variables. The finance sector does not seem to be strongly related to cargo shipment changes. Thus, it is plausible to assume that cargo shipment activities fluctuate with the local employment in three out of four sectors under consideration. The lagged cargo variables in all Equations are generally insignificant and demonstrate signs that are theoretically and intuitively implausible.
Following the findings presented in Table 5 , we theorize that employment in various sectors of the economy may react differently to expected and unexpected cargo shipment activities. For example, unexpected cargo shipments activities may have more significant effect on employment than expected fluctuations. Furthermore, there might be a lagged reaction in employment in case of either expected or unexpected ebbs and flows in cargo shipment. Thus, we estimate Equations (2) through (4) which account for these possibilities. Table 6 shows these findings. The top panel of Table 6 reports the relationship between employment in four sectors and the expected and unexpected cargo shipments. Empirical findings support the notion that expected cargo shipments and employment are not correlated. However, the unexpected cargo shipments seem to lead employment in three out of four sectors in the study.
The second and third panels of Table 6 report the findings of testing for the leading role of the expected and unexpected cargo activities in employment fluctuations. While we find that unexpected changes in cargo shipments lead effect employment in some sectors, the direction of changes in employment are erratic and implausible. For instance, while retail and wholesale sector employment are immediately and positively affected by the unexpected fluctuations in air cargo shipments, finance manufacturing sector employment show no gain. It further appears that increased cargo activity in previous months negatively affects current employment in all sectors except manufacturing. These findings are unconvincing. The last panel of the Table verifies that current and past expected cargo shipments are not correlated with current employment fluctuations in the Reno/ Tahoe area.
To further examine the relationship between employment in retail and wholesale sectors of Reno MSA economy and unexpected cargo shipments, we re estimate a variation of Equation (3) with leading and lagging values of cargo shipments as explanatory variables. Table 7 reports the results of this investigation. Once again, employment changes lead unexpected cargo shipments of future months. For instance, changes in retail and wholesale sector employment affect result in unexpected cargo activities up to three months. These findings are plausible in the sense that rises in employment and the income it generates, contribute to cargo shipment activities which had not been foreseen.. Furthermore, employment fluctuations in these sectors lead unexpected cargo shipments. These findings corroborate those reported in Table 5 . The remainder of the empirical investigation is devoted to Granger causality tests and the long-run equilibrium analysis between cargo shipments and employment fluctuations.
In order to investigate the long-run equilibrium relationship between sector employment and cargo shipment in Reno-Tahoe International Airport, we conduct the Johansen -Juselius conitegration test. It is necessary to determine the lag structure of the underlying VAR system. We determine the VAR lag dynamics by Akaike, and Shwarz criteria (AIC and SIC), respectively. We further apply the adjusted likelihood ration test to break the tie one way or the other if AIC and SIC indicate conflicting lag structures. The tie beaker test may be necessary because AIC often tends toward longer lag length than the SIC. Table 8 reports test results for the lag structure determination.
Before estimating the cointegrating VAR models it is necessary to determine the order of the VAR in the estimation. To this end we test unrestricted VAR models up to twenty four with lag dimensions. Akaike, Shwarz, 36 criteria and the adjusted likelihood ration tests (ALR) are employed for this purpose. The AIC often tends toward longer lag order than the SBC. In the interest of avoiding over or under parameterization of the VAR models, we use the ALR as tiebreaker. Table 8 illustrates the findings of these tests.
Four VAR models of orders 3, 2, 3, and 2 are estimated. The Granger block causality tests indicate that the hypothesis on no causality between employment and cargo shipment is rejected in three out of four cases. Thus, as shown in Tables above, wholesale, retail, and finance, insurance and real estate sector employment in Reno MSA affects cargo shipments at the Reno/ Tahoe airport. Furthermore, Table 9 reports a long-run equilibrium between the manufacturing and wholesale sector employment. The maximum eigenvalue and trace tests are significant for employment and cargo at the 95 percent level. Thus, even though manufacturing did not show short run correlation or causal relationship with cargo shipments, in the long-run such relationship is supported by the statistical evidence.
To examine the responses of the cointegrating vectors to shocks in air cargo shipments at RTIA, we analyze the impulse responses. The generalized impulse responses show that the effect of air cargo shocks on the long-run equilibrium relations are most pronounced in earlier month and tend to taper off gradually. However shock effects on the two cointegrating vectors are quite different. While the impulse response indicates the shock effects tend to weaken steadily in the case of cargo-manufacturing employment that is not true of wholesale employment and air cargo long-run equilibrium relationship. These findings support previous observation that wholesale employment and air cargo shipments are strongly correlated. Figures 1 and 2 illustrate the generalized impulse responses resulting from the VAR models for manufacturing and wholesale employment.
SUMMARY AND CONCLUSIONS
This paper investigates the relationship between employment in four sectors of Reno MSA and cargo shipment from Reno-Tahoe International Airport. A number of statistical tools comprise the mainstay of our methodology. Our data consist of monthly cargo shipments and employment statistics for Reno MSA from January 1992 through September 2002. Employment data for finance, manufacturing, wholesale trade and retail are provided by the Nevada Department of Employment Training and Rehabilitation (DETR). Our findings verify that employment in retail and wholesale sectors of Reno MSA is positively related with unexpected cargo shipments. Furthermore, employment fluctuations in these sectors lead unexpected cargo shipments.
To examine the long-run relationship between employment and cargo shipments, we conduct cointegration tests and analyze responses of the cointegrating vectors to shocks in cargo shipments. We find cointegration between employment in manufacturing and wholesale and cargo shipments. The generalized impulse responses show that the effect of cargo shocks on the long-run equilibrium relations are most pronounced in earlier month and tend to taper off gradually. While the impulse response indicates the shock effects tend to weaken steadily in the case of cargomanufacturing employment, that is not true of wholesale employment and cargo long-run equilibrium relationship. These findings support previous observation that wholesale employment and cargo shipments are strongly correlated. In summary, employment in all sectors of Reno MSA except in finance are either in the long-run or in the short-run related with cargo shipment activities of Reno-Tahoe International Airport. Notes: The lead/lag dimension of the independent variable is determined by the minimum AIC. All variables are in percentage change. *, **, and *** represent 10 %, 5 %, and 1% significance levels, respectively. Notes: The lead/lag dimension of the independent variable is determined by the minimum AIC. All variables are in percentage change. Unexpected cargo series is stationary at the 1 percent level (ADF=-6.53, and PP=-25.69). *, **, and *** represent 10 %, 5 %, and 1% significance levels, respectively. The lag number for FEP, REP, and WEP are 13, and 9 for MEP (although several other lag structures were also tested for alternative lags) based on the adjusted LR, logliklihood ratio tests, as well as Akaike and Schwarz criteria. Eigenvalues of the stochastic matrix are computed and available, but not reported. *, **, and *** represent 10%, 5%, and 1% significance levels, respectively. 
